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During the calendsr year covered by this report, ..e research activities
supported by Contract | " ar-1224(19) Nr 01L5-320 have becon. more specialized
than in previous years and have been principally concerned with solar flares.
Investigations started before the report period have been continued, or
concluded, and the intense ccncentration on flares has resulted from expansion
and acceleration of studies that have been in progress in the Department of

Astronomy for many years.
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At the McMath-Hulbert Observetory, Mr. Actaur Miller and Mr., William
fevbound contimued a8 full-time ~~mloyees paid from this contract. Mr. Charles
Martens resigned September 1, 1503 to continue his graduate studies elsewhere.
Mr. George Pergey interrupted his graduate study in astronomy at The University
of Michigan to become a full-time employee on this project in June 1963.
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In the Department of Astroncmy in Ann Arbor, Miss Rebecca Parks, Mr.
Edward Ungar, Miss Chie Takahashi, and Mr. Richard Moore have served as part-
time graduate student assistants. Mrs. Maria Wentzel has continued as full-

iime assintaat palld fras the cuntract.
Throughout the yeey professional astronomers at several institutions
supervised and participated without pay in the programs of rssearch. These

are:
The Deartment of Astronomy and the McMath-Hulbert Observatory of Thoe

Univeisity of Michigan - Mr, Clifford Bennett, Suparvisor; Professor Guenthor

by o o R A e~ )
RTZAT e R ulﬂv“’l‘e‘q, Iy 1;',||.g|.‘ﬂ,,“|u bt i

=4

; Blste; Miss Ruth Hedeman, Research Astociate; Professor Orren Mohler; Professor
Relen Dolson Prince; and Professor Richurd Teske,
The Perkins Obgervatory of The Ohio State University - Professor Walter

B, Mitchell, Jr.
Observatoirs Cantonal, Geneve, Suisse - Professor Edith A. Miller.

Los Alamos Scientific laboratory - Dr. J. Paul Mutschlecner.
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RESEARCH FrOGRAMS

The Study of Solar Flares: Initial Survey and the Organization of
the Spectroheliograrhic Records of Solar Activity

In 1958, special. spectroheliographic records consisting of monochromatic
solar photographs of active regions on the disc were begun with the 50-foot
solar tover telescope. Each photograph was made with a narrow band of radiation
(usually 0.3 angstrcms; or less, in width) selected from the solar spectrum
systematically in the neighborhood of, and including, the center of the C (H
alpha, 6563 angstroms) and K (Ca II, 3935 angstroms) lines. The band centers
for a series of photographs were cherged systematically frow a position in the
spectrum seversl angstroms shorter than the wavelength of the central spectral
line to a position several angstroms longer. A series of photographs of the
solar disc made with radfation seiected at intervals from the short wavelength
side to the long wavelength side of & selected spectrel line is referred to as
& wavelength gweep.

Wavelength sweep records exist for 1958-1961 in the form of photograrhs
of sections of the solar disc on about 8,000 feet of 35 millimeter motion
picture film. These records have been examined picture by picture and organized
for study. The positions of all regions photogrephed on the solar Gisc have
been noted; an approximate time for each photograph ir the series constituting
& vavelength sweep has been recorded; and & journal of general comments on
the phanomena photographed and the quelity of the observation has been compiled
in a series of bound. notebooks toteling abuut 1800 pages.

In another listing, chronograph times to the nearest second bhave been
recorded for all of the observations in 195R-19€1.
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A card catalogue of specific events shown on the wavelength sweeps has
been completed for tre above interval and the information it contains ig
sumarized in Table 1,




Table 1

SUMMARY OF SPECIFIC EVENTS
McNATH-HULBERT WAVELENGTH SWEEPS FOR 1958-1961

NUMHER OF RECORIS
SPECIFIC EVENT , .
1958 | 1956 ! 196c | 1961 | Total
. 3
Pre-flare observations Pook 1115 55 33 | 227
Flaras 52 178 7 58 i 365
Ejections from flares 1 16 5 6 28
Flares with loops 0 L 3 5 12
Large flares without loops 0 1n 2 | 4 17
Filements, active or other-
wise interesting L 30 30 21 85
Active dark flocculi 3 €3 6] 38 17
Zimb events not called l :
flare 0 13 ¢ 13 b 28
Daxk absorption in wings
of K-line 7 3 1 5 16
Bright feutures in wings : § !
of K-line (not points) 7 ; S | 28 | % 103

The most interesting of the phenomena are being reproduced on photographic
paper prints so tkat they may be studied easily. At the end of November 1953,
the catalogue of photographic paper prints covered 600 wavelength sweeps rade
in May and July 1959, and more than 100 wavelength sweeps of the region
producing polar cap shsorption in July 1961.

A projector that will be used for visual comparison in detail of individuasl
frames in the wavelength sweep records has been designed and constructed,
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“The.Study of Seoimw-Plares:> Sclar Phenomena Associsted with
Polar Cap Absorption {PCA)

¥leres associated with PCA. A survey was made of the flares associated
with all known cases (51) of Polar Cap Abscorption during the fise-year interval
1957-1961. ‘The results of this nurvey were reported in October 1662, at the
1662 Midwest Cosmic Ray Meeting in Minneapolis, and at the 1963 Tucson meeting
of the Arerican Astronomicel Society. A summary of this report follows.

The 51 known cases of polar cap absorption during the five-year interval
1957-1961 have been ranked on the basis of reported meximum absorption. The
18 greatest PCA events were associated primarily with flares of importance
3 and 3 plus, all within 60° cf the central meridian ¢f the sun. In the five
years here studied, however, there were 104 flares of importence 3 end 3 plus,
but only one-third of these were followed by PCA.

sy i

The occurrence of Type IV radio frequency emission is one of the mosi
general characteristics of PCA flares. Such radiation may te necessary for the
occurrence of PCA, but there were 123 i1’ares with Type IV continuum emission
and fewer than one-third of these were followed by PCA,

Although strong emission at 10 cm is another general characteristic of
PCA flares, only one-third of the flares with 10 cm bursts showing fluxes of
radiation greater than or equal to 500 x 10" yatts per square meter per cycle
per second were followed by PCA. For most FCA flares, the maximm emission at
10 cm follows the maximum at H alpha, end this relationship can be used
successNilly to separate PCA from non-PCA flares., Ninety per cent of the flares
with 10 cm flux greater than or equal to S0C x 16" vatts per square meter
per cycle per second, and with maxdmum following H alpha maximum were PCA flares.

it

Photographic records coanti ue to provide evidence that PCA flares occur
over major spot umbrae. Such & flare does not necessarily star+* over an umbra,
but usually spreads to it as the flare develops. Records for 21 of the S1
PCA flaves have been seen. They indicate umbral coverage in each case,

The only suificient condition yet discovered for PCA is the simultaneous
occurrence of all of the major characteristics of PCA flares -~ i.e., flare
E impoxtance 3 plus, large umbra covered, strong Type IV radio emission, and
- strong Tlux &t 10 cm in the form of a burst with maxinim after E alpha maximum,
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Regions with PCA flares. Efforts to predict .ue occurrence of flcres
that eject high energy particles will be greatly assisted if the distinguishing
craracteristics of regions in which PCA flares develop can be recognized.
Proton-producing fleres have appeared, in general, in active, flare-rich
regions coateining large, complex eunspots (sunspot magnetic field type gemma,
and beta-gamma). Only relatively small fractions of the total number of
sunspot regions with these characteristics have produced -‘leres followed by
an obgervation of protons in the vicinity of the earth. Table 2, below,
summarizes the relationshipe.

Teble 2

NUMBER OF REGIONS WITH GIVEN CHARACTERISTICS COMPARED
TO REGIONS WITH PROTON FLAKES

REGIONS WITH SPECIAL |
CHARACSRRISTIC THAT AFPEAFS CHARACTERISTIC | TOTAL GUMBER
REGIONS WITH
70 FAVOR THE OCCURRENCE OF s
From LS o o | e i | T B 1o
*| PCA Flares |°
Flava-rich 1357-1961 (25 mest flare-
rica 1o ecach yeor) . 125 27 3%
Flarez with Type IV emission 1957-19€1 70 26" 3
Fifty largest sunspots 1957-1960
(Mourt Wilson) 50 1 3
Spots with area S 1000 millicnths of
hemisphere 1955-1960 (Mount Wilson) 5 5 ' 1 : 34
Br spote 1955-1960 (Mount Wiison) \ 61 1k ; N
Y spots 1955-1960 {(Mount Wilson) 32 9 i 3h
BY or ¥ spots 1955-1960 (Mount Wilson) 953 23 i 3h
Br or v spots and spot area > 1000 ! :
millionths of hemisphere 1955-1960 | 32 | 12 : 34

'l
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*It is possible that this nurber should be larger because rCA flares occurred
in eight regions at times when dynamic spectra were not being obtained.
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In June 1961, at a meeting called by NASA at the High Altitude Cbservatory
of “‘he University of “olorado, Professor Prince pointed out that the then known
PCA flares had occurred mainly in long-lived calcium plages during their secoend,
or lateyr, appearances on the visible hemisphere of the sun. According to
McMath-HEulbert records, subsequent years kave failed to provide instances of
major proton evente with flares that have occurred in calcium plages during
their first appearance on the sun's disk. The age of the center of activity
apparently plays sauwe rolz in creating circumstances favorable for the ejection
of high-energy particles at the time of great fleres, or for the arrival of
particles in the vicinity of the earth.

Consideration of the age, or maturity, of an active cent:r in conjunction
with other characteristice assccialted with PCA flares cirengthens thre evidence
that long life may be & necessary aspect of e rzgion vefore major fleres, even
with strong Type IV emission, produce high-energy rrotons detectable ir earth's
neighborhood by methods currently in use.

Diagrans showing number versus age of calcium plages (not the age of the
aseociated spots) in which PCA flares have taken place; the distribution by age
of tbe regions with {lares emitting Type IV radiation with distinction between
PCA and non-PCA regions; correspouding data for the regiovns with the largest
sunspots have been prepared.* Graphical studies have been wade for other
characteristics of PCA fiares and regions, and in every case the introduction
of the age of the region has been helpful in sharpening the distinction between
proton-producing tlares and relatively simiiar flares without associeted PCA
at the earth.

Current situation in regard to the prediction of polsr cap absorption. If
complete and excelient photographic, visuai, and radio-frequency observations
are mmediately available, it should be possible to recognize flores that will
be followed in a smeil muber of hours by mejor proton events. Minor events
may be missed and & small amount of over-warning would result.

-~

*
Data Jor the largest sunspots are based on the Mount Wilson yearly summaries
of large sunspots with area greater than 1000 milliouths of the hemisphere.

They are compleie only through 1960.

£

3
=
%;
3
3

!
3
z

I LR IAAD bt W LA WA Y SR A S P i A S At

At 5 i 1 8 i R AL B0

A

e

,
et e e i, 3 kvl




AT LR S P S M S e s ik s

8.

The occurrence of one PCA flare in a regioa is good warning for further
FCA flares in the same region, either during the presence of the region on the
visible hemisphere, or during reuppearances in subsequent sclar rcotations.

Anticipation of proton events by more t-an a few hours, or by events other
then the prizy cccurrence of a proton flare, seems to require batter understanding
of the chavacteristics of the regions in which the pvroten flares occur, the
patterns of growta and development of the regions, and the characteristics
that distinguish the PCA from the non-PCA regiors. Attempts at improvement ave
considerabiy hampered by the disappearance of active regions for two-week
intervals as & result of the sun's rotation. Cbservational data must be extrapo-
lated in an attempt to deduce whether or not a particular regicn will diwinish,
grow, or remzin relatively unchanged during the thirteen Gays of invisibility.
Furtherzore, at prescent, the study of regions dces not give as much weight to
the roie of sunspots as might be desirable because detailed informetion about
the growth and development of sunspots in ares and magnetic ~haracteristics
does not exist.

The age of regiors in which flares occur is extremely helpful in the pre~
ilction of PCA events, since major PCA events bhave not heen essociated with
vezions in their first soler rotation. TFossibly thls cirsumstance reflects
ecuditions in the earth-sun system rather than & situation related to the
e xduction of protons in a flare. Thais possibility is under repeated re-examing-
tior a8 these studies continee,

The Study of Sclar Flares: FKelative Intensities
of Fiare Emission lLines

During the IGY a series of flare spectra were made with the Wadsworth
spectrcgraph of the MeMeth~Hulbert Observatory. Dr. Elste has reviewed these
observstions for use in constructing a cetalogus of the relative intensities
of Tlere emiasicn lines. Since the resclving power of the spectrogrsph ie low,
only estimates of lire widths are possible, but the relative intensities cen
be estaulished with considerable precision and measurements te this end are
undervay .
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Tbe Study of Solar Flares: Other Research Programs
Relating to Flares

Dr. Teske has stndied ® igh-resolution spectra in the H alpha region that
vere secured during “.tv' great cosmic-ray 2lore of November 12, 1960. The
phyrical struecture o. this flare, as indicated by the H alphe emission, closely
resemoled that deduced by cther investigators for other very great H alphe
flares

During the months of March and May 1963, Dr. Prince visited observatories
at the Froaunhofer Inslitute, Arcetri, Meudon, and Dunsink. Photographs of ths
£ ' disx vwr- exsmined for the hours before sunrise at the McMath-Hulbert
G.s -==Zerv on ne Tays that saw vhe occurrence of PCA~assoclated flares and
alg oa sk v of Lcowxrence of great flsres without PCA. The observations
tenda.. €0 g%z .~ “en evidence that the greatness of sunspcts and threir proximity
to ti: flare emission play sowe part in the differentiation between great
flaves vith, and without, major proton exission. In the course of her three-
ronths abuence from the McMath-Hulbert Observatory, Dr. Prince had the privilege
of di:cussing - olar problems of mutual interest with many astronomers including:
Dra. Kiepenneuer and Bruzek at the Fraunbhofer Insuitute; Professors Righini
and Ballario at Arcetri; Professor Rosch at the Pic-du-Midi; Drs. Michard,
Pick-CGutmar, Servalean; Moee. Martres ani M, (. vieri st Meudon; Professor
Elllson, Dr. McKernma and Dr. Reid at Dunsink; snd most especiaily with Dr. and
Hme, d'Azambuja, now retired, dut still the most experienced obasyvers of solar
activity.

Dr. Teske has Girected thie use of the McGregor solszx tower and vacuum
spestrograph guring the last year for the measwrewent of magnituge and polarity
of magnetic fields in sunspots &and adjacent regions. These ceaswrements nave
bveen used for the classification of sunspot groups according to the McMath-
Rulbert undarstending of the Mount Wilson systrm, and alsc for detailed studies
of the siructi e of mugnetic fields within scae of the large sunspot: toat
appesred in 1963. Analysis of the measurements is keing continued.

AY the request of the Chalrmen of the Inter-Union Committee on Solar-
Terrestrial Relationships, Miss Hedemen and Dr. Prince prepared a review
manuscript entitled: "Problems of the Differentiation of Flares with Respect
tc Geophysical Effsctn." The review attempted an evaluetion of the general
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relationztips betwesn fliares and possibly associated fonospheric and geo-
magnetic disturbancea for the five years iS57-1951. The manuscript is being
pudblished in ti.> X Rerort on Solar~Terrcstrial Relations of the Inter-Unicn
Ccumission on Solar and Terrestrial Relationships.

The wavelength sweep records, currently under orgenizetion for more
extensive analysis under thic contrect, provided dete used by Dr. Prince and
Miss Bademan for a report, "Moving Material Associated with the Flare (3 plus)
of July 16, 1959," presented at the GSFC - American Astroncmical Society
Symposium on the Physics of Solar Flares, October 31963. The observations
provide evidence for ejections in the premeximm and early stages of the flare
and systems of loop prominences and descending material in the late phases.

The inferred prominence motions accompanying this great flare on the solar disc
are consistent with the prominence motions photographed at the times of certain
great flares at, or near; the limb of the sun. Ad@itionally, the wavelangth
sweep speciroheliograms showed that the ectivation of a relatively distant
filament in the early stages of the 1959 July 15 flare took place during the
displacement of the H alpha absorption by the apparently intact filcment. The
R alpha absorption by the filament is first displaced sbout ore angstrom to the
longer wavelengths and this is followed by a similer displacement to the
shorter wavelength side of the H alphka line. The displacements imply dowm-up
motions of the filament and they were repeated before the filament stabilized.
Similar motions, first down, then up, vere recorded during ihe activations of
filaments mssocinted with the flare of 1960 June 25° 20° 3¢%,

Basic Solar Research: The Small-Scale Structure
oL Selected Fraunhofer Lines

Dr. Teske has analyzed specirum photographs made especially for the study
of the variations with time of the fine siructure in tue Fraunhofer lines. A
aumber of series of spec*ra were exposed, each of which was guided at a precise
pesition on the sclar image. Measurements of the structure in the line indicated
oscillatory motions in the granulation field from which a guasi-period of 270
seconds was deduced. Detailed analysis of & single series of fine spectra
indicated that photospheric elements showing a temporal pericd are standing waves
in which quasi-periodic oscillsticns are modified by radiative leakage of energy.
Statistical analysis of the cokerance of the depth, half-intensit;, widths,
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equivalent widths, and small.scale structures in the Fraunhofer lines implied
that the cooler photospheric elements are in more turbulent motion than the
hotter cells.

Absorption lines in the solar spectrum sometimes show variaticns in width
across the photospheric faculae. Dr. Teske has secured mo-e than 100 spectro-
grems in facuiar regions for the study of this effect and the comparison of
spectrum lipe widthe within and outside of faculae., Approximstely one-half
of the material available has been measured and anslyzed.

A releted study is based orn the observation that large, local shifts in
the Fraunhofer lines are known to be muted in the calcium plages. Dr. Teske
has accumulated spectra tsken under unusually excellent seeing conditions for
an investigation of the large shifts and tneir implications with regard to the
plage-facula pheramenon.

Basic Solar Research: The Decrease in Intensity
at the Extreme Solar Limb

Drs. Elste and Teske and Mr. Bennett, assisted by members of the McMath-
Hulbert Observatory staff observed the partiel solar eclipse of 1963 July 20
at Lake Angelus using the McCGregor solar tower and vacuum spectrograph. Observa-
tions that will be used for the determination of the decrease in intensity at
the extreme solar limb were recorded photographically and photoelectrically
in a number of spectral regions near the maximuu partial phase of the eclipse.
Dr. Elste will apply these observstions to the detexrmination of variations in
the sun's continuous spectyum at the solar limb. From this result it will be
nossible tc make an estimate of electron temperatures in the upper solar
atoosphere.,

Basic Solar Research: ‘ investigations of Center-to-Limb
Variation of Weak Lines of Iron and Oxygen

Dr. Elste has begun a theoretical study of the sun's energy distribution
at the center of the disc and of the solar limv-darkening. A new temperature

> model of the sclar atmosphere is being computed and detailed computations of

the wavelength dependence of the continuous abscorption coefficient are in
progress, The results of the computations will be applied to the study of the
weak lineaz of iron and oxygen. It appears that ine generally accepted values
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for microturbulznce in the solar atrospnrre are far too large and thet the
essential mechanism for iine broadening is macroturbulence. In order to
confirm this resul®, the wings of strong lines are being measured. This will
make possible a derivation ¢f the numbers of gbsorbing atoms in the lower level
of the strong line. The equivalent widths of veek lines arising from the same
level can be used to eliminate the effects of microtiurbulence and the velocity
field of the macroturbulence can be found from annlysis of the strong line
profiles. The results for the macroturbulence will be compared directly with
the observed structures of the strong lines.

Basic Solar Research: The Wavelengths of the
Lines in the Solar Svectrum

Dr. Mohler has generally supervised a continuing study of the wavelengths
of solar lines in the 5000 angstrom and 10,000 angstrom spectral regions. Dr.
Velter E, Mitchell, Jr., is in immediate charge of the wavelength determination
end line identification in the 3000 angstrom region. For this work he has used
the ONR spectrometer installed in the Snow telesoope on Mount Wilson. Line
identificutions in the 10,000 angstrom regions are being carried forward by
Mrc. Wentzel and Chie Takahashi in close ccllaboration with Dr. Mohler. The
line identifications in the 10,000 angstrom region are based on tracings made
at the High Altitude Observatory, Jungfraujoch, Switzerland, by Professor M.
Migeotte of Iisze University.

Bagic Sclar Research: The Chemlcal Abundaaces
in the Soiar Atmosphere .

s

Drs. Edith Miller and J. Paul Mutschlecner heve continued their studies
of the sbundances of the various elements in the solar atnosphere. Mutschlecner
devised & routine for the computation of abundances in which the mumerous
parameters could be varied independently. This routine was applied by
Futschlecner i his tnesis to the determination of the r-lative gsbundances of
the trace elem:nts lithium, beryllium, and lead, and by Mutschlecner and Miller
to & study of the effects of non-equilibrium conditions on the determination
of abundances, Both of these studies emphasize the necescity for improved
laboratory values of the oscillator strengths if significant advances in
prezision are desired.
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